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Abstract 
     This paper investigates the growth kinetics of palladium catalyzed silica nanowires for their application in 
biosensing. Previous work has shown their usefulness as biosensor matrix. Studies on silica nanowires are however, 
necessary to gain understanding in order to control their growth for applications that require precise placement. The 
investigation of the effects of annealing time and temperature are necessary to provide insight into nanowire structure 
and viability. Silica nanowires were synthesized directly in the gaps of interdigitated microelectrodes (IDTs) at 
1050ºC with Argon carrier gas using the Vapor Liquid Solid growth mechanism. This study investigates the 
conditions to synthesize nanowires for fabrication of micro-nano integrated system based ultrasensitive biosensor 
platform.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
     In the last few years, various nanostructures, especially nanowires have gained much attention in 
various research fields such as electrical, optical, magnetic, bio-medical and sensor device application [1]. 
Recently, oxide nanowires possessing biocompatibility, higher affinity to biomolecules with tuneable 
properties are gaining interest as biosensors. Furthermore, the ability to produce them at a desired 
location, in a controlled manner is of great importance.  
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In various reported nanowire based biosensor applications, it 
has been demonstrated that the nanostructures were grown on 
one surface and then transferred onto different surfaces to be 
used in a biosensor matrix – pick and place method [2, 3]. 
This technique requires successive processing steps to 
achieve the desired nanowire size and placement location, 
which is also extremely expensive and time-consuming. 
Additionally, nanowires are fabricated on semiconductor 
substrates with minimal control over their growth location 
and then transferred to target/final substrates for testing and 
characterization. Nanowires are lost during this transfer 
process and can also be damaged due to excessive handling. 
However, by controlling the nanowire growth parameters and 
investigating the effect of various parameters, these wires can 
be grown at desired position on or in near vicinity of biosensor electrode, which can aid in creating nano-
micro hybrid devices [Figure 1] with increased bio-molecule binding area for ultrasensitive sensing. In 
this research, silica nanowires have been grown on silicon substrate through vapour liquid solid (VLS) 
process [4, 5] and the growth kinetics are investigated to optimize and control the conditions for the 
nanowires to be grown in-between the biosensor electrodes.  
2. Methods and Materials 
2.1 Microelectrode Fabrication 
 
     The interdigitated microelectrodes were fabricated on an oxidized silicon substrate. After oxidation the 
wafers were cleaned and patterned using a negative resist. The negative photoresist provides an undercut 
that makes the lift-off process easier and yields higher quality films. After patterning, the wafers were 
deposited with a 20 nm of Ti (adhesion layer) followed by a 150 nm of Pt physical vapor deposition 
technique. After removing the excess metal by lift-off, the wafers were cleaned and diced as individual 
die to be used as biosensor electrodes.   
 
2.2 Nanowire Fabrication 
 
     Nanowire growth optimization was performed at 1050°C and 1150°C to determine the optimal 
temperature and annealing that would yield the densest 
amount of nanowires without damaging microelectrode 
structure. Nanowire growth was induced at 1050°C and 
1150°C using VLS inside of a three zone open tube furnace 
[6]. During ramp-up an Argon purge was performed to 
remove contaminating species present in the furnace tube. 
Nanowire samples were heated for a range of times varying 
from 5min to 240min for 1100°C and 1050°C, respectively, to 
provide a range of data for weight estimation analysis. Data 
acquired from characterization was used to optimize the 
growth process, to ensure successful growth on 
microelectrode substrate. Figure 2 shows an SEM image of 
nanowires grown at 1050°C with the VLS process. 
 
 

Figure 1. A Schematic of Interdigitated Electrode 
2μm 
Figure 2. SEM micrograph of Si nanowires 
for 60 minutes of annealing 
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2.3 Nanowire/Microelectrode Integration         
 
       Optimizing attempts were made to integrate wires in microelectrode gaps, to form micro-nano hybrid 
structures. To accomplish this task several devices were made using the fabrication steps mentioned 
above. The microelectrodes were deposited with platinum due to its ability to form eutectic with Si at 
higher temperatures compared to Au or Pd, which is usually used as a catalyst for optimizing the 
nanowire growth.  The first set of wafers revealed that the electrodes and all metallic components of the 
interdigtated electrodes were nucleated for use. To correct this, a more precise etch window was used and 
more uniform film of metal was used for seeding the nanowires and prevent the growth on the electrode.  
 
     The final growth structure was formed by removing oxide covering the spaces between the electrodes 
using Buffered Oxide Etchant. Photoresist was used to cover the wafer except in areas where the 
interdigitated electrodes were exposed. Next, a thin film of metal catalyst (Au or Pd) was deposited over 
the target area (electrodes). The thin metallic layer between the electrode fingers would serve to as a seed 
layer (catalyst) nanowire growth and as a growth deterrent on the electrode fingers. The microelectode 
samples were annealed in Argon purged furnaces for 60 minutes at Û&, the optimized time and 
temperature, respectively.   
3. Results and Discussion 
3.1 Nanowire Characterization 
 
     Figure 3 shows the EDAX and TEM micrograph of the fabricated silica nanowires. The data shows an 
amorphous structure with the metallic catalyst dispersed along the length of the wire. Weight 
measurements of these samples revealed a weight loss trend for annealing times less than 15 minutes. 
This weight loss was not measured in samples annealed for times greater than 30 minutes. At times 
greater than 90 minutes the catalyst was observed to be consumed and wire growth to be slowed.  In 
contrast, growth at 1150°C, nanowire growth was suppressed; with only metallic nucleation sites visible. 
This may be caused by a limit in the availability of SiO needed for wire formation 
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Figure 3. EDAX and TEM of Si nanowires A) EDS on sample revealing the presence of Pd 
along the length of the wire, B) Micrograph revealing amorphous structure of Si nanowire 
without any palladium visible. 
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3.2 Microelectrode-Nanowire Growth and Characterization 
 
Figure 4 shows the SEM image of the silica nanowire 
successfully grown between Pt IDE’s.  From the micrograph, 
wire growth is noticeable in dense patches as expected and 
confined between electrodes. The electrode itself is slightly 
etched; this is due to its contribution in the nucleation and 
synthesis of nanowires. To alleviate this etching thicker 
electrodes can be fabricated or a thicker catalyst material can be 
used to cover the electrodes to protect their structure during the 
annealing process. Conductivity test reveal that the 
microelectrodes were still conductive after heat treatment at 
Û& 
 
4. Conclusion 
 
     It has been shown that metal catalyzed Silica nanowires can be fabricated onto their working 
VXEVWUDWHVDWÛ&XVLQJWKH9/6JURZWKPHWKRG0LFURHOHFWURGHVHWFKHGDQGGHSosited with metallic 
seed layer can remain conductive and viable after high temperature annealing. However, IDE etching 
during annealing still needs be addressed. This can be alleviated by increasing nanowires seed layer 
thickness. By doing this, nanowires will grow in appropriate area and the additional thickness to electrode 
structure will prevent significant etching that would degrade its performance. Appropriate etch and 
annealing time and rate are vital to nanowire synthesis. The techniques used to synthesis these wires and 
fabricate these electrodes can be used directly for functionalization with glucose oxidase and other 
reactants to form biosensors. Lastly, growing nanowires on the device prevents the physical handling of 
nanowires for substrate to substrate transfer and removes a step in the lithography and sensor 
development process. 
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Figure 4. Intedigitated microelectrode 
with dense nanowires grown between the 
working electrodes 
